Abstract In our study, seventy specimens from Brazilian herbaria, as well as from NY and PDD, identified as Morganella, were analyzed. They included the paratype of M. mexicana and holotypes of M. arenicola, M. albostipitata, M. compacta, M. nuda, M. rimosa. Specimens were studied morphologically and used for DNA extraction and amplification of ITS and LSU nuclear ribosomal DNA. New sequences were obtained and compared with homologous sequences from GenBank. As a result of these analyses, a new species and six new combinations are proposed. Morphological review and discussion are provided for the species from Brazil.
Introduction
Brazil has the most extensive tropical forests in the world, its vast territory is geographically and climatically diverse, and hosts a huge biological diversity, all which places Brazil at the top among the mega-diverse countries, sheltering 10-20% of the world's species and 40% of the world's tropical forests (Lewinsohn and Prado 2005; Mittermeier et al. 2005; Peres 2005) . In recent years, several new taxa of gasteroid fungi in the family Lycoperdaceae have been found in Brazilian biomes including five new Morganella species (TrierveilerPereira et al. 2010; Cortez et al. 2011; Alfredo et al. 2012; Alves and Cortez 2013a, b; Alfredo and Baseia 2014; Alfredo et al. 2014a, b) .
The genus Morganella was first proposed by Zeller (1948) , and afterwards amended by . Those authors segregated Morganella from Lycoperdon based on the absence of capillitium, with only paracapillitium accompanied by corrugated glebal membranes being present, with the absence of a diaphragm. The type species is Morganella mexicana Zeller, a synonym of Lycoperdon fuligineum Berk. et Curt. The genus is recognized by its epigeous, depressed globose to pyriform basidiomata, composed of double peridium (exoperidium and endoperidium), a reduced subgleba, and a gleba with abundant paracapillitium, without any true capillitium, and asperulate to echinulate basidiospores Suárez and Wright 1996) . Most of the species in Morganella are lignicolous, except M. stercoraria P. Ponce de León that was found in cow dung , and M. arenicola Section Editor: Zhu-Liang Yang Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11557-017-1332-y) contains supplementary material, which is available to authorized users.
Alfredo & Baseia often found in sandy soil . Larsson and Jeppson (2008) compared sequences of the internal transcribed spacer (ITS), and the large subunit (LSU) of nuclear ribosomal DNA sequences of a number of Lycorperdaceae, including two Morganella specimens: M. subincarnata (Peck) Kreisel & Dring from Europe (Germany), and M. fuliginea (Berk. & M.A. Curtis) Kreisel & Dring from South America (Paraguay); they showed that these Morganella species were part of a larger Lycoperdon clade, which made Lycoperdon paraphyletic. Larsson and Jeppson (2008) proposed Morganella as a subgenus of Lycoperdon; and the two Morganella species included in their analyses recovered their original names: Lycoperdon fuligineum Berk. & M.A. Curtis and L. subincarnatum Peck.
Currently, in the taxonomic database, Species Fungorum (http://www.speciesfungorum.org/), bibliographic database, Index Fungorum (http://www.indexfungorum.org) and Mycobank (http://www.mycobank.org), 20 names (including synonymous) are under Morganella; mainly described from tropical ecosystems (Kirk et al. 2008) .
In the light of molecular analyses, based on sequences of the internal transcribed spacer regions (ITS) and the large subunit (LSU) of nuclear ribosomal DNA of two Morganella species, the genus Morganella was proposed as a subgenus of Lycoperdon (ITS and LSU nrDNA markers). The aim of this paper is to reevaluate the Brazilian species described under Morganella, and to review the morphological features that delimitate the species. As a result of these analyses, following Larsson and Jeppson (2008) , a new Lycoperdon species and six new combinations are proposed.
Material and methods

Material studied
Specimens were obtained from Brazilian herbaria (including types): Herbário UFRN (Rio Grande do Norte), Herbário Anchieta-PACA (Rio Grande do Sul), Herbário INPA (Amazônia) and Herbário-ICN (Rio Grande do Sul). Also, collections from MA-Fungi (Real Jardín Botánico de Madrid, Spain) and NY (New York Botanical Garden, USA) were analyzed. Data of collections studied are included in Table 1 .
Morphological analysis
Specimens were studied and identified following the specific literature for Morganella: Morales et al. 1974; Suárez and Wright 1996 . The specimens were studied, photographed and measured as in our previous papers: Alfredo et al. (2012) , Alfredo and Baseia (2014) , Alfredo et al. (2014a, b) . Microstructures were mounted in 5% KOH and, also in lactophenol cotton blue to observe paracapillitium, capillitium and basidiospores and examined using light microscopy (Olympus BX41TF); also, the photographs and measurements were made using a Nikon Eclipse Ni light microscope coupled with a Nikon DS-Ri camera, supported by NIS-Elements AR 4.00.03 software, to improve accuracy. Following Demoulin (1972a) , the patterns of basidiospore ornamentation were classified as: [A] smooth to punctate, [B] slightly verrucose, [C] verrucose and [D] strongly verrucose. The basidiospore measurements were taken including and excluding ornamentation (Table S2 and S3) . In accordance with Demoulin (1972b) the density of basidiospores was found using the following calculation: number of warts divided by the diameter of the spore multiplied by 3.14, to give a number of warts in a reduced area of 10 μm; spore ornamentation was also analyzed using scanning electron microscopy (SEM), using the preparation described by Silva et al. (2011) . The colors are named following Kornerup and Wanscher (1978) .
DNA isolation, amplification and sequencing
Total genomic DNA was extracted from herbarium specimens (choosing only ripe samples) using DNeasy™ Plant Mini Kit (Qiagen, Valencia, CA) following the instructions of the manufacturers; lysis buffer incubation was done overnight at 55°C. PCR amplifications were done in a 25 μl reaction mix using a master mix (1.0-2.5 units of Invitrogen Taq DNA Polymerase, 1 × PCR Rxn buffer minus MgCl 2 , 1.5 mM MgCl 2 , 0.2 mM of each dNTPs, 0.5 mM of each primer) or using illustra™ PureTaq™ Ready-To-Go™ PCR Beads (GE Healthcare, Buckinghamshire, UK) as described in Winka et al. (1998) . The internal transcribed spacer of ribosomal nrDNA (ITS) was amplified with the primer pair ITS5/ ITS4 (White et al. 1990) , following thermal cycling conditions in Martín and Winka (2000) , to obtain amplifications of both ITS regions, including the 5.8S of the ribosomal RNA gene cluster and flanking parts of the small subunit (SSU) and large subunit (LSU) nuclear ribosomal genes; when these primers failed, the reverse primer ITS4B (Gardes and Bruns 1993) was used with ITS5. The partial 5′ end of nuclear ribosomal large subunit RNA gene sequences (nrLSU) including D1-D2 domains was also amplified using primer pair LROR/LR5 (Rehner and Samuels 1994) , and the cycling conditions indicated in Martín and Winka (2000) , except for changing the elongation to 1.5 min at 72°C for the extension steps. Negative controls lacking fungal DNA were run for each experiment to check for contamination.
The PCR products were subsequently purified using the QIAquick Gel PCR Purification (Qiagen) according to the manufacturer's instructions or with 8 μl of 1:10 ExoSAP-IT® (USB Corporation, OH, USA). The purified PCR products were sequenced using the same amplification primers by Macrogen Inc. (Seoul, South Korea). Sequencher 5.2.4 (Gene Codes Corp., USA) was used to obtain the consensus sequence from the two strands, both to the ITS and LSU markers of each isolate. BLAST searches with megablast option were used to compare the sequences obtained against the sequences in the National Center of Biotechnology Information (NCBI) nucleotide databases (Altschul et al. 1997) . The new consensus sequences have been lodged in the EMLB-EBI database with the accession numbers indicated in Table 1 .
Sequence alignment and phylogenetic analyses
The ITS and LSU nrDNA sequences obtained were aligned separately using Se-Al v2.0a11 Carbon Rambaut (2002) for multiple sequences. The sequences were compared with homologous sequences of Lycoperdaceae from GenBank (Table 1) , mainly published in Larsson and Jeppson (2008) and Jeppson et al. (2012) ; two sequences of Tulostoma were included as an outgroup. Alignment gaps were marked B-^, unresolved nucleotides and unknown sequences were indicated with BN^following Martín et al. (2016) .
Maximum parsimony analyses (MP) were carried out separately for each alignment; as well as with the combined alignment of the two markers. Minimum length Fitch trees were constructed using heuristic searches with tree-bisectionreconnection (TBR) branch swapping, collapsing branches if maximum length was zero and using the MulTrees option in PAUP*4.0b10 (Swofford 2002 ) and a default setting to stop the analysis when reaching 100 trees. Gaps were treated as missing data. Nonparametric bootstrap support (bs) was tested for each clade (Felsenstein 1985) , based on 10,000 replicates using the fast-step option. The consistency index, CI (Kluge and Farris 1969), retention index, RI (Farris 1989) , and rescaled consistency index, RC (Farris 1989) , were obtained. Also, with each separate alignment, as well as with the combined ITS/LSU alignment, analyses were done by the Bayesian approach (Larget and Simon, 1999; Huelsenbeck and Ronquist 2001) using MrBayes 3.1 (Ronquist and Huelsenbeck 2003) . These analyses were performed assuming the general time reversible model (Rodriguez et al. 1990 ) including estimation of invariant sites and assuming a discrete gamma distribution with six categories (GTR + I + G) as selected by MrModelTest v. 2.3 (Nylander 2004) . Two independent and simultaneous analyses starting from different random trees were run for 2,000,000 generations with four parallel chains, and trees and model scores saved every 100th generation. The default priors in MrBayes were used in the analysis. Every 1,000th generation tree from the two runs was sampled to measure the similarities between them and to determine the level of convergence of the two runs. The potential scale reduction factor (PSRF) was used as a convergence diagnostic and the first 25% of the trees were discarded as burnin before a stationary condition was reached. Both the 50% majority-rule consensus tree and the posterior probability (pp) of the nodes were calculated from the remaining trees using MrBayes. The phylogenetic trees were viewed with Figtree v. 1.3.1 (http://tree.bio.ed.ac.uk/sofware/figtree/) and edited with Adobe Illustrator CS3 v. 11.0.2 (Adobe Systems).
Results
Molecular and morphological analyses
DNA was isolated from seventy-one specimens, first identified as belonging to the genus Morganella (Table 1) , including the paratype of M. mexicana and holotypes of M. albostipitata
Unfortunately, the sequences obtained from the types of M. compacta, M. mexicana, M. rimosa and M. velutina, after blast search, were identified as belonging to Ascomycota. Finally, forty-six new ITS and LSU sequences related to Lycoperdaceae were generated and included in the alignments (Table 1) . From the ITS alignment, the final dataset has 787 unambiguously aligned nucleotide positions (456 constant, 95 parsimony-uninformative, and 236 parsimony-informative). The 100 most parsimonious trees gave a length of 1006 steps, CI = 0.5089, HI = 0.4911, and RI = 0.8483. The trees obtained from the MP (strict consensus tree) and Bayesian analyses show similar topologies (data not shown).
From the LSU alignment, the final dataset has 926 unambiguously aligned nucleotide positions (773 constant, 67 parsimony-uninformative, and 86 parsimony-informative). The 100 most parsimonious trees gave a length of 320 steps, CI = 0.5719, HI = 0.4281, and RI = 0.8743. The trees obtained from the MP (strict consensus tree) and Bayesian analyses show similar topologies (data not shown).
Since the ITS and LSU trees showed essentially the same topology, a combined analysis ITS/LSU was done. Final ITS/ LSU dataset has 1713 unambiguously aligned nucleotide positions (1228 constant, 164 parsimony-uninformative, and 321 parsimony-informative). The 100 parsimonious trees gave a length of 1386 steps, CI = 0.504, HI = 0.496, and RI = 0.843. The topology of the parsimony strict consensus tree ( Fig. 1 ) was essentially the same as the 50% majority rule combined consensus tree (not shown). Fig. 2 shows the part of the tree related to Morganella specimens.
According to Figs (Table S2 ) confirmed the presence of capillitium in M. sulcatostoma.
The majority of the specimens under Morganella grouped together (bs = 84%, pp. = 0.9), distributed in two sister clades (A and B). Clade A (Fig. 2 ) includes 11 specimens under M. arenicola and three specimens of Lycoperdon sp. (one under M. afra Kreisel & Dring and two under Lycoperdon sp.); this relationship is not highly supported (bs = 84%, pp. = 0.53). In all specimens, the presence of cellular subgleba, exoperidium ornamentation that falls off, capillitium and paracapillitium (Table S2) , exoperidium composed of sphaerocysts and apical endoperidium composed of mycosclerids are present.
Moreover, in clade A (Fig. 2) , the M. arenicola specimens appeared distributed in two subgroups; the relationship between these two subgroups has very high support (bs = 84%, pp. = 1.0). One subgroup is formed by 11 specimens from Brazil, including the type of M. arenicola (bs = 100%, pp. = 0.96), characterized by well-developed subgleba, verrucose exoperidium ornamentation, verrucae <0.5 mm in length, a smooth endoperidium surface, punctate basidiospores, and the presence of capillitium and paracapillitium (Table S2) , and mycosclerids found at the apical pore hyphae; the new combination L. arenicola is proposed and a synoptic updated description provided. The other subgroup (bs = 100%, pp. = 1.0) is represented by two specimens from Brazil; although first identified as M. arenicola, UFRN-Fungos 655 and UFRNFungos 2554, they have morphological characters, such as the well-developed subgleba; the exoperidium ornamentation composed of deciduous spines 0.5-1 mm in length, leaving the endoperidium surface areolate; punctate basidiospores; abundant capillitium and occasional paracapillitium (Table S2) ; and mycosclerids found at the apical pore hyphae.
In clade B, three main groups were recognized, and a singleton (UFRN-Fungos 2570). From up to down (Fig. 2) , the clade B1 (bs = 99%, pp. = 1.0), included 22 specimens with granulose exoperidium, and large aculeate basidiospores (up to 7.5 μm diam.). From them, 17 specimens appeared in a well-supported subgroup (bs = 100%, pp. = 0.9), characterized by a persistent exoperidium. Five specimens under M. nuda (ephemeral exoperidium), including the holotype UFRN-Fungos 1765, grouped together with the sequence under M. fuliginea (AF485065) from Paraguay (Krüger and Kreisel (2003) . Even though we were not able to study the Paraguayan specimen from which sequence AF485065 was obtained, the molecular data suggest that the specimen that produced sequence AF485065 belongs to M. nuda instead of M. fuliginea. Based on morphological features and molecular analyses, two species are clearly differentiated in clade B1:
L. fuligineum, and L. nudum comb. nov.; a synoptic updated description is provided for each species.
In clade B2 (bs = 100%, pp. = 1.0), four sequences obtained from M. abostipitata specimens, including the type (INPA239563), appeared together. These specimens show persistent exoperidium composed of chained subglobose to setoid sphaerocysts mixed with elongated hyphae, and medium aculeate spores (5-6 μm diam.) (Tables S2 and S3 ). The new combination L. albostipitatum is proposed, and a synoptic updated description provided.
In clade B3, three sequences under M. subincarnata, including the sequence from GenBank AJ237626, grouped together (bs = 90%, pp. = 1.0), as the sister group of a clade formed by two sequences from GenBank, one under Tables 1  and S2 M. purpurascens (Berk. & M.A. Curtis) Kreisel & Dring (KP012918) , and the other under M. sosinii Yu. Rebriev & E. Bulakh (KG591769). made the combination M. purpurascens (basionym L. purpurascens Berk. & M.A. Curtis), and M. sosinii as a new species recently described in Rebriev and Bulakh (2015) . The collection UFRN-Fungos 2570 appeared basal in this group. Morganella subincarnata is reported with tuberculose to spinulose persistent exoperidium composed of isodiametric to pyriform sphaerocysts, and small aculeate spores (3.5-4.5(6.5) μm diam.). Larsson and Jeppson (2008) treat this taxon as Lycoperdon subincarnatum Peck. On the other hand, according to and , M. purpurascens is characterized by warty exoperidium ornamentation, surface-pitted endoperidium, with basidiospores smooth to minutely spiny; we adopted the name L. purpurascens Berk. & M.A. Curtis. In Rebriev and Bulakh (2015), M. sosinii have been described as a new species with an exoperidium ornamentation composed of granules and spines (0.1-0.2 mm length), endoperidium surface with Bincomplete areolate pattern^, basidiospores echinulate, differing from M. purpurascens through the cellular subgleba; the new combination L. sosinii is proposed.
The collection UFRN-Fungos 2570 grouped separately from the other species in clade B3. The basidiomata show persistent exoperidium, composed of two kinds of elements: chained isodiametric sphaerocysts, and unchained elongated and thick-walled elements up to almost 200 μm; and large aculeate basidiospores (up to 7 μm diam.). Their unique morphological characters lead us to describe a new species: L. oblongatum. Tables 1 and S2 . Taxa in bold are the new sequences yielded and were studied in morphological analyses Pereira, LTP296 (ICN177118, ITS sequence GenBank KU958371, LSU sequence GenBank KU958372).
Notes: Previously identified as Morganella afra, this specimen is characterized by its reduced and cellular subgleba, the tiny areolate surface of the endoperidium, and basidiospores slightly verrucose [B] Ponce de Léon 1971) . In our comparative analyses based on a specimen collected by C. G. Lloyd from USA (MA-Fungi 31,310), the morphological features that distinguish Lycoperdon sp. ICN177118 from L. subincarnatum are mainly the tiny areoles in Lycoperdon sp. ICN177118 vs the wellareolate endoperidium surface in L. subincarnatum; as well as the punctate basidiospores in ICN177118 vs the verrucose basidiospores in L. subincarnatum. In the molecular analyzes the ICN177118 specimen is placed basal to Lycoperdon arenicola, however, the supports are low. Species key characters: Basidiomata depressed globose to pyriform; subgleba reduced (< 1 3 of basidiome) up to 2 mm in length, sustained by a white elongated subgleba (2-4 mm length). Exoperidium granulose, cracked, forming persistent tufts; endoperidium surface smooth. Gleba powdery.
Exoperidium composed of chains of sphaerocysts that are globose to subglobose, mixed with elongated hyphae weakly to strongly dextrinoid. Apical endoperidium without mycosclerids, and dehiscence hyphae aseptate and without inflated termination. Capillitium absent. Paracapillitium abundant. Basidiospores globose, 5-6 μm, strongly verrucose [D] in LM, and aculeate in SEM, spines 0.7-2.2 μm long., the density of ornamentation 8-17 warts in a reduced area of 10 μm. Basidia not observed. Notes: Lycoperdon albostipitatum was originally described from an Amazon rain forest on decaying wood (Alfredo et al. 2012) . It is characterized by its large, white elongated subgleba (up to 4 mm length), the persistent exoperidium composed of sphaerocysts chains mixed with elongated hyphae (like in L. velutinum), and globose basidiospores (5-6 μm), strongly verrucose [D] . Due to its elongated subgleba (2-4 mm high), verrucose exoperidium and bigger basidiospores, L. albostipitatum can be separated from L. velutinum (Tables S2, S3 and S4). Moreover, Lycoperdon velutinum basidiomata are smaller than those of L. albostipitatum (3-8 mm vs 8-10 mm wide) Alfredo et al. 2012 ). However, morphologically, Lycoperdon albostipitatum, L. oblongatum and L. velutinum are difficult to separate, as also occurs between L. umbrinum and L. molle (Demoulin 1968; Demoulin and Schumacker 1972) . According to these authors, the species are difficult to distinguish because the peridial characters have a wide range of variation. In the same way, L. albostipitatum, L. oblongatum and L. velutinum form a group; however, L. albostipitatum is separated from L. oblongatum in the molecular analyzes ( Figs.  1 and 2) ; unfortunately, the position of L. velutinum is undefined due to unsuccessful amplification of ITS and LSU nrDNA. Note: Lycoperdon arenicola was originally described in dune ecosystems in northern Brazil and, despite its occurrence in sandy soil and the presence of capillitium without pores and septa, both uncommon characteristics for this genus, it was described as a Morganella species by Alfredo et al. (2014a) . However, revision of the morphological characters revealed the presence of a developed cellular subgleba and capillitium (Fig. 4) , typical characters that do not fit the subg. Morganella, which accords with the molecular data. Species key characters: Basidiomata depressed globose, subglobose to pyriform, growing on decaying wood. Subgleba reduced (< 1 3 of basidiome) composed of compacted cells. Exoperidium minute warts or spines (< 0.5 mm in long.), persistent, brown (6E6) to dark brown (6F8) with age. Endoperidium surface smooth, cream (4A3). Gleba powdery, brown (6E8). Exoperidium base like the apex, composed of chains of sphaerocysts (like in L. perlatum) that are globose, subglobose, ellipsoid, with truncate apices, except at the top of the chain, where they are pyriform. Endoperidium composed of interwoven hyphae that are hyaline and with wall <0.5 μm. Mycosclerids and inflated terminations absent. Capillitium absent. Paracapillitium abundant. Basidiospores globose, 4.5-7 μm, strongly verrucose [D] in LM, aculeate in SEM; spines 0.5-1.7 μm long; the density of ornamentation 7-16 warts by a reduced area of 10 μm. Basidia not observed.
Synonym: Morganella fuliginea (Berk. & Curt.) Kreisel & Dring, Feddes Repert. 74:113 (1967) Other specimens examined: USA, New Jersey, Newfield, growing on decaying wood, 08.1887, leg. J.B. Ellis n. 5013 (NY00839022! Morganella mexicana paratype designated in Zeller 1948; pro parte!); idem (NY00839023 pro parte!). VENEZUELA, Cerro de la Neblina, Rio Yatua in Amazon territory, growing on decaying wood, (NY00398806, as M. velutina); Aragua, 1.5 km up the trail on mountain behind the hotel at Rancho Grande, growing on wood, 13.06.1968, leg. K.P. Dumont (NY00398808, as M. velutina); Yaracuy, Nirgua, in mountain, rotted wood, 07.07.1971, leg. K.P. Dumont, J.H. Haines, G.J. Samuels and G.S. Buting (NY00398727); Bolivar, El Portachuelo, growing on decaying wood, 22.06.1971, leg. K.P. Dumont, J.H. Haines and E. Moreno (NY00398728).
Notes:
The type of Morganella mexicana Zeller was designated by Zeller (1948) from a Mexican collection located in the Morgan Herbarium at the University of Iowa (Mexico, Sonora, near Guaymas, leg. Thomas H. Mcbride); moreover, Zeller (1948) included other collections under M. mexicana, as paratypes. One of these collections is B. Ellis 5013 from New Jersey (USA); different authors (as indicated in the revision labels) have studied this collection and noted that specimens belong to at least two species: M. mexicana and M. velutina. Specimens of B. Ellis 5013 is a mixed collection of M. mexicana and M. velutina, and, unfortunately, it was not correctly split later by Suárez and Wright (1996) . The specimens of M. mexicana have exoperidium ornamentation composed of a chain of sphaerocysts, such as the exoperidium perlatum-type mentioned in Kreisel (1973: 96) ; consider M. mexicana synonymous to M. fuliginea.
In the Lycoperdon fuligineum protologue, Berkeley and Curtis (1868) did not indicate a voucher, nor a specific locality; they just wrote that all collections in the paper Berkely and Curtis (1868) are from Cuba. indicate that the type of L. fuligineum is deposited in K; however, it has not been located. The authors labeled the Btype^in exsiccate NY00839021 under the name Morganella The Brazilian species Morganella puigarii (Spegazzini) Kreisel & Dring was synonymyzed by Suárez and Wrigth (1996) , the authors considering that the taxonomic features previously used to distinguish M. puigarii and L. fuligineum are unreliable, and the morphological plasticity depends on the degree of maturation of the fruitbodies, developmental site and herborization, etc. We requested the loans of the type deposited in SP-Herbarium; however, we have not received it.
On the other hand, the GenBank sequence AJ485065 under L. fuligineum is grouped in our analyses inside L. nudum; however, the persistent exoperidium clearly distinguishes L. fuligineum from L. nudum (exoperidium ephemeral), and probably the voucher from which AJ485065 sequence was obtained is misidentified. Species key characters: Basidiomata depressed globose to pyriform; reduced subgleba (<   1   3 of basidiome), composed of compacted cells, cream (4A3). Exoperidium ornamentation granulose, composed of hyphae aggregated in small tufts, falling off partially or completely with age. Endoperidium orange when young (5A2) to yellowish brown (5D8), surface smooth, occasionally some exoperidium remnants remain at the base. Gleba powdery, brown (6E8).
Exoperidium base similar to the apex, composed of a chain of sphaerocysts globose, subglobose, lageniform, from the base to the top of the chain; and oval to ovoid some with acute apexes. Endoperidium composed of interwoven hyphae, hyaline, with wall <0.5 μm. Mycosclerids and inflated terminations absent. Capillitium absent. Paracapillitium abundant. Basidiospores globose, 5.5-7.5 μm, strongly verrucose [D] in LM, aculeate in SEM, spines 0.5-1 μm long; the density of ornamentation is 11.9-15.7 warts by a reduced area of 10 μm. Basidia not observed.
Holotype Notes: Lycoperdon nudum was firstly reported from areas of BBrejos^; in accordance with Veloso et al. (1991) and Tabarelli and Santos (2004) , these are areas of high altitude (up to 1.100 m) with an annual rainfall average of 1200 mm in the Atlantic Forest, being surrounded by a typical xerophilic vegetation (Caatinga). Yet, the BBrejos^are considered ecological disjunctions of Atlantic Forest with high biodiversity, considered as ecological refugia due to their unique phytophysiognomy, and high rate of endemism (Santos et al. 2007) .
The ephemeral exoperidium distinguishes L. nudum from L. fuligineum. All the specimens under L. fuligineum analyzed in this work showed a persistent exoperidium, and all of them grouped together in the same clade ( Figs. 1 and 2 ). In general, the specimens of L. nudum have bigger spores, 5.5-7.5 μm including ornamentation, with the spines 0.5-1.6 μm in length (Table S3 ), compared to those of L. fuligineum. Suárez and Wright (1996) , in their revision of Morganella from South America, mention basidiospores of 3.2-4.7(5.4) μm, but they did not include the ornamentation (spines 0.4-2.2 μm long). Moreover, the density of warts in a circumference of 10 μm is 12-16 versus 7-16 found in L. fuligineum. The fact that L. nudum is found in the same areas as some specimens of L. fuligineum (UFRN-Fungos 1768, UFRN-Fungos 2560, Fungos 2561, UFRN-Fungos 2562, UFRN-Fungos 2563, UFRN-Fungos 2566) raises a question: why do the specimens of L. nudum have an ephemeral exoperidium while the specimens of L. fuligineum have a persistent one under the same climatic conditions? This question remains difficult to answer, but the molecular data show that we have at least a little difference between these two species, and maybe they form a species complex. More DNA markers are needed to clarify it, so for now we prefer to treat them as two distinct species.
6. Lycoperdon oblongatum Accioly, Baseia & M.P. Martín, sp. nov. -MycoBank: MB 816241. Fig. 7 Diagnosis: L. oblongatum differs from L. albostipitatum and L. velutinum by its white elongated subgleba up to 3 mm in length; exoperidium with tiny tufts becoming velutinous, composed of chained sphaerocysts, and by unchained thick walled elongated elements up to almost 200 μm; basidiospores up to 7 μm, with aculeate ornamentation 0.7-1 μm long., the density of ornamentation is 9.5-13 warts by a reduced area of 10 μm. (Table S3) .
Description: Basidiomata epigeous, depressed globose to subglobose, slightly umbonate, 15.5 mm (wide) × 10 mm (high). Rhizomorphs white, slender. Exoperidium not persistent, formed by a tomentum organized in tufts, light yellow to light orange (4A5 to 5A4) mainly apparent at the base of basidiomata, wearing out and with a felted texture, grayish brown (6D3) towards the apex, finally, giving a velutinous aspect and orange (6A2) color in old specimens; endoperidium smooth, cream (4A3) dehiscence by a lacerated apical pore. Elongated subgleba 2.5-3 mm length, composed of compacted cells, cream to pale orange (4A3 to 5A3). Gleba cottony, furfuraceous, grayish orange to brownish orange (5B3 to 5C3).
Exoperidium composed of branched chains of sphaerocysts 18.8-27.3 μm × 4.5-8.8 μm, irregularly cylindrical, short or elongated, to digitiform at the terminal portions, mixed with setoid to claviform unchained hyphal elements 49.3-198.9 μm × 7.4-12.4 μm, with thickened walls up to 4 μm. Endoperidium composed of hyphae (3.3)3.6-5(5.6) μm wide interwoven, branched, septate, hyaline in 5% KOH. Paracapillitium 3.2-6.3 μm (diam.), branched, densely covered with glebal membranes. Basidiospores globose (4.7) 5.4-6.6 (7) μm diam., aculeate, with spiny projections up to 1 μm in length and width, some spines with rounded or recurved apex, the density of ornamentation with 9.5-13 warts by a reduced area of 10 μm. Basidia not observed. Notes: Several Lycoperdon species first described under Morganella present basidiospores with similar dimensions and aculeate ornamentations, similar to those of L. oblongatum, such as L. albostipitatum, L. fuligineum, and L. velutinum (Ponce de León 1971; Suárez and Wright, 1996; Trierveiler-Pereira et al. 2010; Alfredo et al. 2012) . However, some authors, such as , and Ponce de , did not include the basidiospore ornamentation in the measurements. In our morphological revision (Tables S2, S3 and S4), the basidiospore sizes of L. fuligineum (= M. fuliginea) and L. velutinum (= M. velutina), are up to 6.5 μm diameter, including ornamentation. Excluding basidiospore ornamentation L. oblongatum has 4-4.5 μm diam., and the density of 9.5-13 warts by a reduced area of 10 μm, while L. albostipitatum basidiospores are 4-5.1 μm diam, with 8-17 warts by a reduced area of 10 μm, and L. velutinum presents 3.6-4.8 μm diam., with 9-15.5 warts by a reduced area of 10 μm (Tables S3 and S4 ). Yet, in comparison of other characters (Tables S3 and S4 ), L. velutinum has a velvety exoperidium, while L. oblongatum has a felted one, yet both species have non-chained elongated elements in the exoperidium; however, the syntype and published descriptions of Lycoperdon velutinum (= Morganella velutina, = M. mexicana) differs macroscopically from L. oblongatum in the absence of an elongated subgleba (Table S4) . Microscopically, at the exoperidium, L. oblongatum differs from L. velutinum by presenting its elongated unchained elements always setose, while L. velutinum exhibits most commonly paraphysoid or clavate elements, rarely setose. The basidiospores of L. velutinum Fig. 7 Lycoperdon oblongatum. a. basidiome in situ; b. dry specimen; c. detail of tufts in exoperidium of young basidiome; d. detail of exoperidial surface in aged basidiome; e. paracapillitium covered with glebal membrane; f. basidiospores strongly verrucose [D] in LM; g. scanning electron microscopy of basidiospores; h. exoperidial elements. Scale bars: (a, b, d) bar = 5 mm.; (c) bar = 0.5 mm; (e) bar = 20 μm; (f) bar = 10 μm; (g) bar = 1 μm; (h) bar = 50 μm lost and for that Suárez and Wright (1996) Species key characters: Basidiomata depressed globose to pyriform, subgleba reduced (<   1   3 of basidiome), composed of compacted cells. Exoperidium ornamentation spiny (0.5-2 mm length), dark pyramidal spines (6F8) with the tips converging, falling off with age, sometimes remaining at the top of the basidiome. Endoperidium surface areolate, areoles 0.5-1 mm width; gleba powdery, brown (6E8).
Exoperidium composed of chains of sphaerocysts; at the base of spines the sphaerocystes are globose to subglobose, 11-17 × 11-19 μm, and at the apex of spines are oval with oblong truncate to obtuse apices, 6-12 × 12-42 μm. Endoperidium apex without mycosclerids, dehiscence without hyphae with inflated terminations. Capillitium absent. Paracapillitium abundant. Basidiospores globose, 3.5-4 μm, punctate [B] in LM, minute spines <0.5 μm long in SEM.
Specimens examined: NEW ZEALAND, York Bay, growing on decaying wood, 03.12.1922 , leg. G.H. Cunningham (PDD 1102 ibidem, 06.12.1930, leg are no morphological differences in the rhizomorphs, or in the rest of the characters; this is a synonym of L. solmsii. segregated Morganella from Lycoperdon due to the absence of the capillitium and association of the paracapillitium with corrugated glebal membranes. Demoulin (1972b) , based only on morphological features, treated the genus Lycoperdon as paraphyletic one, which showed Morganella is related to L. cokeri, and L. follicolum (a Brazilian species) and these species could be occupying an intermediary position. Yet, the author draws attention to the occurrence of abundant paracapillitium being a more evolved character than capillitium (with or without pores). Unfortunately, we have not received the specimens of L. follicolum to our study. Based on molecular analyses of ITS and LSU markers, Larsson and Jeppson (2008) treated Morganella as a subgenus of Lycoperdon. Moreover, we have used the same sampling than the previous study of Krüger and Kreisel (2003) and Larsson and Jeppson (2008) , and we stated the position of seven species in Lycoperdon subgen. Morganella, with the morphological features such as: absence of capillitium and the reduced (< 1 3 of basidioma) compact cellular subgleba are the most important features in this subgenus.
Discussion
Lycoperdon pyriforme as already shown by Larsson and Jeppson (2008) , is not included as a subgenus of Morganella as proposed by Krüger and Kreisel (2003) , it is separated as Lycoperdon subg. Apioperdon. In our analysis, L. caudatum is the sister species of L. pyriforme. Recently, Vizzini and Ercole (2017) have elected Apioperdon to the genus rank; also, the authors proposed the genus Bryoperdon Vizzini, based on two samples of Bovista acuminata (Bosc) Kreisel, using the two markers included in our study. We disagree with these authors, since in their analyses they have included very few specimens and sequences. Fig. 9 Lycoperdon velutinum. a. dried specimens of type (NY00398807); b. dried specimens of the mixed basidiomata with l. fuligineum (NY00839022); c. exoperidium ornamentation; d. elongated hyphae from exoperidium; e. basidiospores strongly verrucose [D] in LM (type); f. scanning electron microscope of basidiospores (type). Scale bars: (a) 10 mm; (b) 5 mm; (c) 0.2 mm: (d) 50 μm; (e) 10 μm; (f) 2 μm specimens studied. Special thanks to Dr. Marian Glenn (Seton Hall University, USA) for the English revision.
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